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3Executive Summary
Fibropapillomatosis (FP) remains a growing threat to the survival of sea turtles in
Florida and other locations worldwide. FP has seriously affected green turtle,
Chelonia mydas, populations in Florida and Hawaii and is now emerging as a
significant threat to the loggerhead, Caretta caretta, in Florida. In addition the disease
has been reported in olive ridley, Lepidochelys olivacea, populations as well. Data
from several field studies suggests that high FP prevalence is associated with marine
ecosystems impacted by human activities, including agricultural, industrial, and urban
development although the exact role of environmental co-factors is unclear.
When this research project was begun in 1992, little was known about FP
outside of field studies documenting its prevalence in different areas of
the world and early studies of tumor histopathology. The objective of this
research has been to develop a scientific basis for understanding FP by
applying the principles of tumor biology, immunology, pathology,
virology, and epidemiology to studies of FP in the green turtle, Chelonia
mydas. Long-term goals included developing diagnostic assays for FP
and understanding the role of environmental co-factors in the disease.
The results of this research have provided major breakthrough
understanding of FP with worldwide implications and applications.
Major achievements of our research team include the following:
• Through long-term transmission studies in captivity, we have clearly demonstrated
that green turtle fibropapillomatosis (GTFP) is caused by an infectious subcellular
agent, most likely an enveloped virus. We have demonstrated a unique Chelonid
herpesvirus (ChHV-5) in more than 97% of experimentally induced and spontaneous
fibropapillomas using electron-microscopic, molecular, and serological techniques.
ChHV-5 is a new member of the alphaherpesvirinae subfamily and is now a candidate
for the etiology of the disease. We have also demonstrated the high frequency
occurrence of this new FP-associated herpesvirus in tumors of green turtles from
Hawaii and Florida and from the Florida loggerhead turtle using a polymerase chain
reaction (PCR) assay. The.ChHV-5 virus appears to be identical in tumors from
Hawaiian and Florida green turtles and Florida loggerhead turtles, but its role in FP
etiology awaits its cultivation and use in transmission studies to fulfill Koch's
postulates.
• We have demonstrated a strong association between the antibody response to the
ChHV-5 herpesvirus in turtles and the development of clinical GTFP. Monoclonal
antibodies to sea turtle immunoglobulin subclasses were used to develop
immunohistochemical screening tests which could distinguish FP-affected turtles from
those unaffected by the disease among both Florida and Hawaii green turtles. This
4early-stage serodiagnostic test is undergoing further development to provide the
means to monitor FP in turtles worldwide. In addition, monoclonal antibodies were
developed against different turtle blood cells in order to measure the frequency of
occurrence of these subpopulations during the course of the disease.
• We have developed matched cultured cell lines from green turtle tumors and normal
skin for basic studies on the tumor biology of FP. These cell lines were characterized
for their tumorigenicity in immunodeficient mice and for gene expression by differential
message display technology in order to develop basic understanding of tumor cell
growth. These studies have established a new laboratory animal assay for FP cell
tumorigenicity and identified genes which are differentially expressed in FP cells
compared to normal skin.
• We have carried out an extensive histopathologic study of spontaneous GTFP from a
series of free-ranging turtles from Florida and Hawaii. An analysis of the associations
among various epidemiologic and histologic features found in this series indicated that
GTFP is similar in turtles in various parts of the world. Slight differences could be
attributed to collection methods and variation in the degree of parasitism or other
factors. The fact that herpesvirus-like intranuclear inclusions and herpesvirus antigens
were detected in association with epidermal pathology in both spontaneous and
experimentally induced tumors was supportive of a herpesvirus etiology for GTFP.
• We have developed a serological assay to measure vitellogenin (VTG) levels in
plasma samples of green turtles with and without FP from high incidence and zero
incidence habitats. VTG is one biomarker of exposure to environmental contaminants
with potential impact on the resistance of green turtles to the etiologic agent of GTFP.
These studies have provided breakthrough understanding and a clear guide for future
research on FP worldwide. We have made every effort to make this new information
available through publications and reports as quickly as possible in order to facilitate
long term planning by agencies responsible for management and conservation of sea
turtles. In certain cases, publication in peer reviewed journals was delayed to allow for
additional experimentation and data review to validate key findings, an important and
prudent process in this critical but previously unexplored area of sea turtle biology.
Results and progress have .been communicated to agencies in a timely way through e-
mail, reports and personal communications at meetings. Eleven manuscripts and one
major review of FP in peer-reviewed journals have either been published, submitted
for publication, or are in the final stages of preparation. Administrative reports of our
progress have been prepared and published by NMFS on a regular basis. From
1993-1997, we have made 10 presentations at national meetings including the annual
Symposium on Sea Turtle Biology and Conservation and the American Association for
Cancer Research. Three graduate students have worked and been trained on the
project. One Ph.D. (Herbst) has been awarded and two M.S. degrees are in process
(Lackovich and Bagley).
5Administrative Overview
It is important to note that this research would not have been possible without the
availability of support from Federal, State, and Private sources. Approximately
$150,000 was provided by NMFS and USFWS over the five year period to support this
research. However, and additional $1.3 million was provided as a match to this by
University of Florida, other government agencies, and private organizations in order to
allow completion of the research objectives. In other words, we had to match the
NMFS/USFWS funding almost 10:1 over the past five years in order to be able to
achieve these results. This match included a post-doctoral training fellowship for Dr.
Herbst from the NIH, unreimbursed salary for 5 years for the P.1. and the co-P.I.'s by the
University of Florida, support of both equipment and personnel resources by the UF
Biotechnology Program, travel and necropsy funds from Save-A-Turtle, Marathon, FL,
and most important, full support of the transmission studies for 5 years by the Hidden
Harbor Marine Environmental Project, Inc. and The Turtle Hospital, Marathon, Florida.
The cost of the transmission studies over 5 years is valued at over $350,000 including
personnel and facilities.
6OBJECTIVE 1. To perform experimental transmission studies to
determine the etiology and pathogenesis of green turtle
fibropapillomatosis.
Results in brief (1991-present)
These results have provided the first experimental evidence that GTFP is caused by an
infectious agent under 0.45 urn in size. Because the filtration step eliminated fungi and
most bacteria (except Mycoplasma spp.) the infectious agent is most likely a virus. The
hypothesis that GTFP is caused by spirorchid ova was not supported by any
experimental transmission study evidence. The experimentally induced
fibropapillomas were morphologically identical to published descriptions of naturally
occurring GTFP. Herpesvirus-like particles were found in eosinophilic intranuclear
inclusions within scattered foci of epidermal ballooning degeneration. These were
similar in size and morphology to those described by Jacobson et al. (1991) in 2 green
turtles with GTFP. Except for those 2 spontaneous cases (Jacobson et aI., 1991), this
study provides the only direct evidence that a specific virus may cause GTFP. The
significance of the association between this herpesvirus and spontaneous or
experimental GTFP remains unclear. In a separate transmission study, treatment of FP
filtrates with chloroform destroyed their ability to induce tumors suggesting that the
etiologic agent is an enveloped virus such as a herpesvirus or retrovirus.
The long-term commitment made to treating and monitoring the experimental turtles
used in this study has provided a wealth of important new information about the
clinical course of experimentally-induced GTFP. This effort has revealed a prolonged
and variable course of GTFP in this cohort of turtles, including the development of
tumors at secondary anatomic sites. These observation's and experience can be used
to guide our inferences about the behavior of this disease in wild free-ranging
populations.
Two major possible outcomes were observed for individual turtles with
experimentally-induced GTFP; those that responded to surgical treatment of local
cutaneous tumors and those in which the disease recurred and progressed despite
treatment (non-responders). While the likelihood of being cured surgically was not
related to source of homogenate or clutch origin, it did seem to relate to the number of
anatomic sites inoculated and subsequent tumor burden in individual turtles.
Of 12 experimentally infected turtles that developed tumors, 6 (50%) were eventually
released after maintaining a tumor free status for over a 1 year monitoring period. Two
turtles died during treatment of unrelated causes. Of 12 turtles that developed tumors,
4, including 0-2, have failed to respond to surgical therapy(non-responders). Three of
the 4 (75%) eventually developed tumors at cutaneous sites other than those originally
inoculated. Two of these died and were necropsied. Two others remain alive but are
probably incurable.
7This is the first demonstration of the development of visceral tumors
following experimental transmission of the GTFP agent in green turtles.
This suggests that visceral tumors develop subsequent to chronic cutaneous
fibropapillomatosis, after a prolonged clinical course (over 3
years). This interpretation is compatible with metastasis of tumor cells
from cutaneous sites or slowly developing multicentric disease due to
disseminated virus infection. Clearly this manifestation of the
experimental disease would not have been detected, if the turtles were not held long
term. This reinforces the concept that the full course of GTFP is prolonged.
Relevant publications and presentations
Jacobson, ER., C. Buergelt, B. Williams, and R.K. Harris. Herpesvirus in cutaneous
fibropapillomas of the green turtle Chelonia mydas. Diseases of Aquatic Organisms 12: 1-6,
1991.
Herbst, L., Jacobson, E., Moretti, R., Brown, T., Klein, P.A., and Greiner, E Progress in
experimental transmission of green turtle fibropapilloma. Thirteenth Annual Symposium on Sea
Turtle Biology and Conservation, Jekyll Island, Georgia, February 23-27th, 1993.
Herbst, L., Jacobson, E., Moretti, R., Brown, T., and Klein P.A. Green turtle fibropapillomatosis:
transmission study update. 14th Annual Sea Turtle Symposium, Hilton Head, SC, March 1-5,
1994
Herbst, L.H., Jacobson" E, and Klein, P.A. Identification and characterization of the green turtle
fibropapillomatosis agent. 15th Annual Sea Turtle Symposium, Hilton Head, SC, February 20-24,
1995
Herbst, L.H., ER. Jacobson, R. Moretti, Brown, T., Sundberg"J. P., Klein, P.A.. Experimental
transmission of green turtle fibropapillomatosis using cell-free tumor extracts. Diseases of Aquatic
Organisms 22:1-125,1995
Herbst, L.H., Jacobson, E.R., Moretti, R, Brown, T., Sundberg, J.P., Klein, P.A.. An infectious
etiology for Green Turtle Fibropapillomatosis. American Association for Cancer Research Annual
Meeting, March 18-22, 1995, Toronto, Ontario, Canada.
Herbst, L.H., Moretti, R, Brown, T., and Klein, P.A.. Sensitivity of the transmissible green turtle
fibropapillomatosis agent to chloroform and ultracentrifugation conditions. Diseases of Aquatic
Organisms., 25, 225-228, 1996.
Klein, P.A., Jacobson, E, Brown, D., Schumacher, I. Brown, T., Moretti, R. and Herbst, L.H.-
Update on long term experimental transmission studies of GTFP. 17th Annual Sea Turtle
Symposium, Orlando, FL; March, 1997
8OBJECTIVE 2. To characterize the FP-associated herpesvirus using
molecular and serological techniques.
Results in brief (1994-present)
The herpesvirus identified in experimentally induced and spontaneous
fibropapillomas using electron-microscopic and serological techniques was further
characterized in these studies. Molecular evidence for the presence of a herpesvirus
genome in diseased tissues and cells was obtained by employing consensus primer
PCR. Amplicons derived from portions of the DNA polymerase and terminase genes
were prepared and sequenced. The presence of certain amino acid motifs as well as
overall evolutionary relationships suggest the GTFP-associated herpesvirus is a new
member of the alphaherpesvirinae subfamily, provisionally named ChHV-5 (Chelonid
herpesvirus 5). The same GTFP herpesvirus sequences were detected in a small
panel of tumors from wild green and loggerhead turtles in Florida, in wild green turtles
from Hawaii, in experimentally induced tumors, but not in normal skin. In situ
hybridization localized GTFP herpesviral DNA sequences to the nuclei of cells in the
epithelial zone of the tumor containing inclusion bodies. Sequences of an additional
new chelonid herpesvirus were obtained from cultures originating from lesions of lung,
.f~ye, and tracheal disease (LETD) in order to validate the methodology and to examine
phylogenetic relationships. The GTFP and the LETD herpesviruses are closely
related to each other, but share amino acid identities in the regions studied of only
55% (DNA polymerase) and 52% (terminase protein). These results provided new
molecular tools with which to explore the etiologic relationship between herpesviruses
and GTFP..
In a related study, a strong association of detectable anti-herpesvirus antibodies with
tumor status in free-ranging green turtles was observed, including the four
transmission study donors. This data was consistent with but not proof of a causal
relationship between herpesvirus and GTFP.
Relevant p.ublications and presentations
Herbst, L.H., Jacobson" E., and Klein, P.A. Identification and characterization of the green turtle
fibropapillomatosis agent. 15th Annual Sea Turtle Symposium, Hilton Head, SC, February 20-24,
1995
Herbst, L.H., Garber, R., Lockwood, L. and Klein, P.A.. Molecular biological evidence for the
involvement of a unique herpesvirus in the etiology of green turtle fibropapillomatosis. 16th
Annual Sea Turtle Symposium, February 28-March 2, 1996, Hilton Head, South Carolina.
Garber, R.L., Lockwood, L., Klein, P.A., and Herbst, L.H.. Detection of DNA sequences
belonging to a new herpesvirus in green turtle fibropapillomatosis lesions. (submitted 1997, J.
Virology)
Herbst. L.H., Greiner, E.C., Ehrhart, L.M., Bagley, D.A., and P. A. Klein. Serologic association
between spirorchidiasis, herpesvirus infection, and fibropapillomatosis in green turtles (Chelonia
mydas) from Florida. (submitted,1996, J. Wildlife Diseases)
9OBJECTIVE 3. To determine the frequency of association of the FP-
associated herpesvirus ChHV-5 with individual
fibropapillomas and fibromas of green and loggerhead
turtles.
Results in brief (1995-present)
This study clearly established the fact the ChHV-5 herpesvirus is detectable in all
(>95%) of fibropapillomas and fibromas of wild green turtles in Florida and Hawaii and
loggerheads in Florida. Analysis of evolutionary relationships has previously
suggested that this GTFP-associated herpesvirus is a new member of the
alphaherpesvirinae subfamily and is considered a candidate for the FP etiologic
agent. Ninety one fibropapillomas and forty five skin samples from seventeen turtles
were assayed by PCR to determine the presence of this herpesvirus genome. Turtles
surveyed represented several different habitats in Florida. The study also included
several stranded turtles without fibropapillomas. Ninety five percent of fibropapillomas
tested by PCR were positive for the presence of herpesvirus whereas normal skin
samples from unaffected turtles were negative. Nine percent of skin samples from FP
affected turtles were positive. Positive skin samples were always from areas within 3
.centimeters of a tumor. The herpesviruses detected in loggerhead and green turtle
tumors could not be distinguished by sequence analysis of their DNA polymerase
genes. These data show that ChHV-5, a newly described Chelonian herpesvirus is
found associated at very high frequency with fibropapillomas of green and loggerhead
turtles. New transmission studies using this unique herpesvirus grown in culture will
be needed to test its role in the etiology of fibropapillomatosis.
A PCR test for papillomavirus was applied to FP samples in this series which tested
positive for herpesvirus. Previous studies have failed to detect papillomavirus in FP
samples. All samples tested with our PCR were negative supporting earlier findings
by others that this virus is not involved in FP development.
Relevant publications
Garber, R.L., Lockwood, L., Herbst, L.H., and Klein, P.A., Detection of DNA sequences
belonging to a new herpesvirus in green turtle fibropapillomatosis lesions. (submitted 1997, J.
Virology)
. .
Lackovich, J., Brown, D., Garber, R.L., Mader, D., Moretti,R., Patterson, A, Herbst, L.H., Oros,
J., Jacobson, E., and Klein, P.A High Frequency Association of a New Chelonid Herpesvirus
with Fibropapillomas of the Green Turtle, Chelonia mydas and the Loggerhead, Caretta caretta,
in preparation, 1997, Diseases of Aquatic Organisms.
-----------------------------
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OBJECTIVE 4. To culture and isolate viruses from fibropapillomas for
use in transmission, immunological, and molecular
studies.
Results in brief (1994-present)
Attempts to grow FP-associated viruses in a broad range of host cell lines is continuing
but has not yet been successful. Experiments have utilized freshly prepared tumor
homogenates as well as transmission tested filtrates. Our interest has focused on
herpesviruses but our screening methods are designed not to exclude any virus.
A wide range of cell lines, including embryo cultures from several mid- and lower
vertebrate species including green and loggerhead turtles and gopher tortoises have
been and are being utilized as potential hosts for the FP-associated viruses. Cell lines
have been infected and incubated over a wide temperature range using different
culture media which are known to us to support the growth of cells and viruses. Virus
replication in cultures has been evaluated microscopically (cytopathic effect),
immunologically (by immunocytochemistry to detect viral antigens in the cultures), and
by PCR. Electron microscopy has been used to visualize virus growing in positive
cultures as needed.
Two herpesviruses have been used as positive controls in all experiments to insure
that any target cells exposed to GTFP homogenates and filtrates are sensitive to and
can support the replication of tortoise/ turtle herpesviruses. One of these
herpesviruses, LET (Lung-Eye-Trachea Virus) was isolated from green turtles over 10
years ago at the University of Florida and has been adapted to our culture systems.
The other herpesvirus is derived from gopher tortoises. ' Both of these control viruses
cause significant pathogenic effects on our target cells within 7-10 days of infection
and can be detected by our herpesvirus PCR test. DNA sequencing data has shown
that the LET herpesvirus is significantly different from the FP-associated herpesvirus.
Relevant publications
Herbst, L.H., Etiology and Pathogenesis of Green Turtle Fibropapillomatosis, Ph.D. Dissertation,
University of Florida, August, 1995
Herbst, L.H. And Klein, Analysis of tumorigenicity and differential gene expression in fibroblast
lines derived from normal skin and fibropapillomas of the green turtle (Chelonia mydas) National
Marine Fisheries Service, NOAA, Honolulu, Hawaii, Administrative report H-96-04C, June, 1996
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OBJECTIVE 5. To develop monoclonal antibodies to sea turtle
immunoglobulin subclasses for use in development of
diagnostic assays for FP.
Results in brief. (1992-1994)
The development of standardized serodiagnostic tests for FP (and other diseases) of
sea turtles would be facilitated by the availability of monoclonal antibodies (Mabs) to
specific turtle immunoglobulin classes. Monoclonal antibodies are highly specific and
uniform reagents with reliable performance characteristics that can be obtained in
potentially unlimited quantities. This project produced and validated a battery of
monoclonal antibodies specific for each of the known immunoglobulin classes of the
sea turtle. Several monoclonal antibodies reacted with epitopes that are shared
broadly among sea turtle species. Nine of the 7s IgY heavy chain specific Mabs cross-
reacted with all sea turtle species. Both light chain specific Mabs cross-reacted with all
species except the leatherback turtle. The IgM and 5.7s Mabs on the other hand
seemed to be specific for green turtle only. These reagents were able to measure the
specific subclass antibody responses of green turtles immunized with a hapten-protein
conjugate over the course of one year.
,
Relevant publications and presentations
Klein, P.A, Herbst, L.H., Jacobson, E., Bjorndal, K.A, Bolten, AB., Collins, B.A., and Greiner,
E.C.. Development of immunodiagnostic tools for studying the etiology and epidemiology of
green turtle fibropapillomatosis. National Marine Fisheries Service, NOAA, Honolulu, Hawaii,
Administrative report H-93-13C, July, 1993
Herbst, L. and Klein, P.A Development of monoclonal antibodies against sea turtle
immunoglobulins. Thirteenth Annual Symposium on Sea Turtle Biology and Conservation, Jekyll
Island, Georgia, February 23-27th, 1993.
Herbst, L.H. and Klein, P.A. Monoclonal antibodies for the measurement of class-specific
antibody responses in the green turtle, Chelonia mydas. Veterinary Immunology and
Immunopathology, 46, 317-335,1995
Herbst, L.H., Etiology and Pathogenesis of Green Turtle Fibropapillomatosis, Ph.D. Dissertation,
University of Florida, August, 1995
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OBJECTIVE 6. To assess the frequency and etiologic significance of
antibody responses to the FP-associated herpesvirus,
ChHV-5, and to spirorchid antigens in green turtles in
Florida and Hawaii.
Results in brief (1994-1996)
Plasma from 20 free-ranging GTFP-free turtles from the Wabasso Beach reef in Florida
were tested and found to have negative (18) or very weak positive (2) antibody
reactivity to herpesvirus inclusions in immunochemical tests. In contrast, all 20 plasma
samples tested from GTFP-affected turtles from the Indian River lagoon in Florida
showed strong antibody reactivity to herpesvirus inclusions. Thus GTFP-free turtles
from a low GTFP prevalence site had only a 10% seroprevalence of detectable anti-
herpesvirus antibodies while GTFP affected turtles from a high GTFP prevalence site
had 100% seroprevalence of anti-herpesvirus antibodies. The association of
herpesvirus immunoreactivity with clinical GTFP was statistically significant (Chi-
Square = 32.7, P < 0.001).
.In contrast to the herpesvirus serology results, the association between
immunoreactivity to spirorchid antigens and clinical GTFP was either weak or strongly
negative, depending on how the ELISA values were interpreted. Either way, the data
do not support any hypotheses that involve spirorchidiasis in the epizootiology or
pathogenesis of GTFP.
These data are consistent with the hypothesis that the GTFP-associated herpesvirus is
the etiologic agent of GTFP, although these results do not prove causation.
Furthermore, the detection of herpesvirus antibodies in free-ranging green turtles from
a site in Hawaii with high GTFP prevalence adds support to this hypothesis by
demonstrating the widespread and coincident distribution of the virus with GTFP in that
area.
Relevant publications
Herbst, L.H., Etiology and Pathogenesis of Green Turtle Fibropapillomatosis, Ph.D. Dissertation,
University of Florida, August, 1995
Herbst. L.H., Greiner, E.C., Ehrhart, L.M., Bagley, D.A., and P. A. Klein. Serologic association
between spirorchidiasis, herpesvirus infection, and fibropapillomatosis in green turtles (Chelonia
mydas) from Florida. (submitted,1996, J. Wildlife Diseases)
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OBJECTIVE 7. To analyze and compare the histopathology and
pathogenesis of naturally-occurring fibropapillomatosis
in Florida and Hawaiian green turtles.
Results in brief {1991-1996)
Cutaneous GTFP biopsies from Hawaiian turtles and those from Florida turtles had
similar histologic characteristics. Except for eosinophilic intranuclear inclusions, which
were not found in Hawaiian biopsies, all described histologic features were found in
both population samples to various degrees. These studies indicate that GTFP is
similar in turtles in various parts of the world. Differences can be attributed to collection
methods and variation in the degree of parasitism.
All of the histologic features observed in the epidermis can be explained by
herpesvirus. Acanthosis, degeneration, and necrosis in the stratum germinativum
(stratum basale and stratum spinosum), followed by ulceration are hallmarks of
herpesvirus dermatitis and have been observed in grey patch disease of green turtles,
also caused by a herpesvirus. In addition, although non-specific, the perivasculitis
and pathologic changes occurring along the epidermal-dermal junction are consistent
with post-herpetic erythema multiforme. The fact that herpesvirus-like intranuclear
inclusions and herpesvirus antigens were detected in association with epidermal
pathology in both spontaneous and experimentally induced tumors is supportive of a
herpesvirus etiology.
However, histopathologic evidence alone does not prove causation. It will be critical to
demonstrate that the herpesvirus causes dermal proliferation characteristic of FP. It
remains possible that another virus, such as a retrovirus, induces the fibroepithelial
proliferation characteristic of GTFP and that the proliferating epidermis provides a
favorable environment for the recrudescence of a latent herpesviral infection.
Relevant publications
Herbst, L.H., Jacobson, E.A., Klein, P.A., Balazs, G.H., Moretti, R., Brown, T., and Sundberg,
J.P. Fibropapillomatosis in green turtles (Chelonia mydas) from Florida and Hawaii: Comparative
pathology and pathogenesis (in preparation, 1997, J. Veterinary Pathology)
Herbst, L.H. 1994. Fibropapillomatosis of marine turtles. Ann. Rev. Fish Dis. 4:389-425.
Herbst, L.H., Etiology and Pathogenesis of Green Turtle Fibropapillomatosis, Ph.D. Dissertation,
University of Florida, August, 1995 .
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OBJECTIVE 8. To develop and characterize cell lines from
fibropapillomas and normal skin of green turtles for
long-term studies on FP cell tumorigenicity, virology,
immunology, and gene expression.
Results in brief (1993-present)
Cultured cell lines were developed from green turtle tumors and normal skin for basic
studies on the tumor biology of FP. A large series of matched (tumor and normal skin
from same turtle) cultured cell lines were developed in 1994. These cell lines were
characterized for their tumorigenicity (ability to grow into tumors) in immunodeficient
mice and for gene expression by differential message display technology in order to
develop basic understanding of tumor cell growth. These studies have established a
new laboratory animal assay for FP cell tumorigenicity and identified genes which are
differentially expressed in FP cells compared to normal skin. These cell lines are also
valuable tools for further studies of FP-associated antigens and viruses.
Relevant publications and presentations
Herbst, L.H., Sundberg, J.P., Schultz, L.O., Klein, P.A. Green turtle fibropapilloma derived cell
lines are tumorigenic in scid'mice. American Association for Cancer Research Annual Meeting,
March 18-22, 1995, Toronto, Ontario, Canada.
Herbst, L.H. And Klein, Analysis of tumorigenicity and differential gene expression in fibroblast
lines derived from normal skin and fibropapillomas of the green turtle (Chelonia mydas) National
Marine Fisheries Service, NOAA, Honolulu, Hawaii, Administrative report H-96-04C, June, 1996
Herbst, L.H., Sundberg, J.P., Shultz, L.O, Gray, B.A, and P. A. Klein. Tumorigenicity of green
turtle fibropapilloma-derived fibroblast lines in immunodeficient mice. (submitted 1996, Laboratory
Animal Science)
Herbst, L.H., Jacobson, E.A., Klein, P.A. The identification and characterization of the green turtle
fibropapillomatosis agent. 15th Annual Symposium on Sea Turtle Biology and Conservation,
February 21-25, 1995, Hilton Head, North Carolina.
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OBJECTIVE 9. To develop a serological assay for plasma vitellogenin
in green turtles as a biomarker for the impact of
environmental estrogenic contaminants on green turtles
and their resistance to FP.
Results in brief (1994-present)
Over the past 10 years green turtles (Chelonia mydas) captured in the Indian River
Lagoon in Florida have showed around a 50% prevalence of green turtle
fibropapillomatosis (GTFP), whereas the Reef population less than 1km away and the
nearby Trident Basin population have had 0% prevalence. The area adjacent to the
Lagoon sampling site is in extensive industrial and agricultural use. Trident Basin is
located in a national wildlife refuge. The high prevalence of GTFP in the Lagoon
habitat compared to the Reef and the Trident Base habitat may be an indication that
contaminants from agricultural and industrial activities playa role in the pathogenesis
ofGTFP.
Many environmental pollutants, including pesticides and industrial chemicals have
estrogenic activity in animals. Estrogen is the sole inducer of vitellogenin production.
Therefore, vitellogenin may be useful as indicator or biomarker of exposure of turtles to
~estrogenic contaminants in the environment.
A monoclonal antibody-based serologic assay to detect vitellogenin levels in green
turtles was developed. The test was used to measure vitellogenin levels in plasma
samples of juvenile green turtles with and without GTFP from high incidence and zero
incidence habitats to examine the relationship between vitellogenin levels and GTFP,
in order to assess a possible role of xenobiotic estrogens in GTFP pathogenesis.
Vitellogenin levels were significantly higher in the turtles with GTFP than in tumor-free
turtles suggesting that there may be a connection between plasma VTG concentration
and GTFP..Additional work will be needed to extend this preliminary finding.
Relevant publications and presentations
Schumacher,I.M., Herbst,L.H., Kerben, M.J., Ehrhart, L.M., Bagley, D.A. and Klein, P.A..
Vitellogenin levels in green turtles (Chelonia mydas) 17th Annual Symposium on Sea Turtle
Conservation and Biology; Orlando, FL; March, 1997
Schumacher,I.M., Herbst.LH', Kerben, M.J., Ehrhart, L.M., Bagley, D.A. and Klein, P.A. . An
assay for vitellogenin levels in green turtles,(Chelonia mydas), in preparation, 1997.
Herbst, L.H. and Klein, P.A.. Green turtle fibropapillomatosis: challenges to assessing the role of
environmental cofactors, Environmental Health Perspectives 103, 27-30, 1995
--~-~_.----------
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